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Clinical and laboratory observations have revealed a rapid
increase of the glomerular filtration rate (GFR) and the size of
the remaining kidney after unilateral loss of renal substance or
unilateral nephrectomy [l—3]. In experimental studies a reduc-
tion in renal mass was followed by an increase in single nephron
GFR [41. The morphologic equivalent to this compensatory
functional response was an increase in size of the remaining
nephrons, owing to cellular hyperplasia and hypertrophy [5].
No increase in the number of nephrons has been demonstrated.
Wilton et al [61 recently reported on compensatory hypertrophy
in children with unilateral renal scarring after urinary tract
infection (UTI). Their studies concerned selected patients,
mostly with severe reflux. However, there are no epidemiologic
studies reported on the general importance of compensatory
renal growth in children with UTI and renal damage.
The aim of the present study was to estimate the compensa-
tory growth from repetitive urograms in a consecutive series of
children with unilateral renal scarring supervized and followed
for 8 to 15 years after their first symptomatic UTI (index UTI)
and to examine the importance of factors such as sex, age at the
time of the first UTI, number of attacks of acute pyelonephritis,
and vesicoureteric reflux (VUR).
Methods
The present study is based on data from a prospective
epidemiologic study of all children in Gothenburg from birth to
16 years of age who had their first known symptomatic UTI
between January 1, 1960 and December 31, 1966. Patients with
anomalies of the external genitalia were excluded, as were
patients with cystic renal disease, renal dysplasia, neurogenic
bladder, or urinary tract obstruction. Patients with VUR or
duplication of the collecting system were included in the
material. The primary patient population comprised 596 pa-
tients, 440 girls, and 156 boys [7]. Studies of these children,
comparing different techniques to detect early renal damage,
have been reported t8—10]. Renal scarring was revealed in 38 of
the 596 children either at the first urography or during followup
after the initial infection. The development of scarring will be
further reported.
Of the 38 children with scarring, 9 were omitted from the
present study. Five of them had left the area or had declined
further medical care. In 2 patients the possibility of obstruction,
and in 2 others the possibility of dysplastic and cystic renal
disease could not be completely excluded. Of the remaining 29
children, 3 had bilateral scarring and also were excluded. The
study thus consisted of 26 children with unilateral renal scar-
ring. Individual clinical and roentgenologic data are given in
Table 1.
Scarring was defined according to accepted radiologic crite-
na, that is, blunting or clubbing of calyces, or both, and loss of
parenchyma [12].
The unscarred kidney is referred to as the contralateral
kidney. Patient no. 24, a boy, had a contralateral duplex kidney
and 5 girls (patients 1, 3, 4, 7, and 13) had a duplicated scarred
kidney. All the children had at least 3 urographic examinations
(mean, 4.8), and at least the first, the second, and the latest
were evaluated. Four scarred kidneys and two contralateral
kidneys were not measurable with the initial urographic exami-
nation. The mean age at the time of the first radiologic examina-
tion of the urinary tract was 3.1 years (girls, 2.4 years: boys, 4.1
years; Table 1). The followup time was 8.0 to 15.7 years (mean,
11.7 years). At the time of the latest followup, the mean age was
14.7 years (girls, 14.6 years; boys, 15.0 years). In five girls the
ureter on the scarred kidney was reimplanted (patients 3, L, 8,
14, 16). The children were followed regularly at a special
outpatient clinic. Symptomatic and asymptomatic infections
were treated promptly. In children with frequent infections.
prophylactic antibacterial therapy was used, usually for periods
of 6 months.
A standardized urographic procedure was used [Il]. Cystour-
ethrograms were obtained during filling of the bladder, during
micturition, and after completion of voiding. Four grades of
vesicoureteric reflux were recognized: I, reflux in a nondilated
ureter, not reaching the kidney pelvis: 2, reflux into the pelvis
but without dilatation; 3, reflux into the pelvis with dilatation of
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Table I. Clinical and radiologic data on 26 patients with unilateral renal scarringa
a IJTI is urinary tract infection; VIJR, vesicoureteric reflux; VCU, voiding cystourethrogram.
the calyces, pelvis, and ureter; and 4, reflux into the pelvis with
extreme dilatation of the calyces, pelvis, and ureter [13]. The
size of the kidney was estimated from its length, parenchymal
thickness, and area: Length of the kidney was assessed accord-
ing to the method described by Eklöf and Ringertz [14] using the
method and the nomogram of Claësson et al [111. Thickness of
the parenchyma was measured in the upper and lower pole, as
well as in the lateral aspect of each kidney, as described by
Claesson et al and plotted against the same nomogram. Area of
the parenchyma was determined by planimetry, according to
the method of Jorulf, Nordmark, and Jonsson [15] but related to
the reference material of Claësson et al [Ill. The area was
expressed as a percentage of normal for the corresponding LI—
L3 distance. Unless otherwise stated in this study, kidney size
refers to the parenchymal area. Findings of either renal length,
parenchymal thickness, or parenchymal area more than two
standard deviations above the mean were regarded as signifi-
cant hypertrophy.
Statistical methods. Renal parenchymal area as a percent of
normal was estimated as a function of time since the first
urographic examination, assuming that the regression function
was a polynomial of second degree, that is, second order
regression. Correlation between age at the onset and later renal
area was tested by Pitman's test.
To illustrate the effect of puberty, we estimated the parenchy-
mal area, given in percent of normal, as a function of age. The
estimation was made with the assumption that the regression
was linear in each of the age intervals 0 to II, II to 13, 13 to 17
years. A P value of less than 0,05 (two-sided test) was consid-
ered as significant.
Results
Evaluation of scarred kidneys. General or localized enlarge-
ment of the scarred kidneys was rarely found at the initial
urographic examination (Table 2). The mean parenchymal area
was 84% of normal (see Methods) at the initial urographic
examination, 74% at the second examination, and 75% at the
latest followup. Some severely damaged kidneys did not grow
at all, as in patient no. 6, or very poorly, (patient 24), during the
observation period (not shown), whereas others increased their
size even after not growing for several years (patients 4, 5, 8, 9,
16). This pattern is illustrated by patient 9 in Figure I. There
was a significant difference between the area of the duplex
kidneys and the non-duplex kidneys at the last followup, 94%
and 70% respectively.
Evaluation of the contralateral kidneys. Seventeen kidneys
with measurements exceeding +2 SD above the mean, and thus
considered to have significant compensatory hyperthrophy,
were found at the latest urographic examination (Table 2). The
increases in area and length (Table 3) were caused by enlarge-
ment of the parenchyma of the upper and lower poles, as well as
of the lateral aspect of the kidney (Table 3). The mean area of
the contralateral kidneys was 101% at the initial examination,
107% at the second examination, and was increased to 118% at
the last. The individual areas are illustrated in Figure 2.
VUR in
Age at
index
Pat. UTI
no. Sex years
Age at
first
urography
years
Age at last
urography
years
contralateral
kidney.
grade
—
First Last
VCU VCU
No. of
febrile
recurrences
during
fotlowup
Renal parenchymal area, % normal
Mean renal parenchy-
mal area
First Last
urography urography
Scarred kidneys Contralateral kidney
First
urography
Last
urography
First Last
urography urography
I F 0.1 0.2 13.2 0 0 I 93 77 77 107 85 92
2 F 0.2 1.2 14.1 0 0 5 — 81 — 104 — 93
3 F 0.2 1.3 17.0 0 0 5 97 III 97 96 97 104
4 F 0.4 0.4 11.9 0 0 I 65 66 59 103 62 85
5 F 0.5 2.4 16.1 0 0 I 54 60 77 120 66 90
6 F 0.6 1.0 15.0 0 0 9 95 17 109 114 102 66
7 F 0.6 0.7 8.6 2 I I III 87 91 127 101 104
8 F 0.8 0.9 14.2 0 0 9 78 61 — 141 — 101
9 F 1.4 1.5 15.0 2 3 6 72 63 90 114 81 89
10 F 1.7 1.8 13.0 2 2 II 74 69 128 157 101 113
11 F 1.9 2.0 15.9 0 I I 89 82 125 134 107 108
12 F 3.6 3.6 15.0 2 0 6 115 95 lOS 115 110 105
13 F 4.2 4.3 16.6 0 0 3 98 128 93 121 96 124
14 F 4.7 5.6 16.7 1 0 3 118 90 110 121 114 106
15 F 4.8 4.8 14.9 0 0 3 96 86 81 88 89 87
16 F 6.4 7.3 16.4 I 0 14 74 48 127 124 101 86
17 M 0.1 0.1 13.2 0 0 0 — 72 — 84 — 78
18 M 0.1 0.1 11.7 0 0 3 90 88 90 136 90 112
19 M 0.2 0.2 11.0 0 0 0 88 83 106 133 97 108
20 M 0.8 0.8 11.5 0 0 0 lOS 93 III 93 108 93
21 M 2.1 4.1 12.2 0 0 0 71 102 106 140 89 121
22 M 4.0 4.1 15.7 0 0 I 100 70 102 95 101 83
23 M 4.6 4.6 17.5 0 0 3 110 94 123 127 117 II!
24 M 5.5 5.5 19.2 0 0 2 38 18 128 157 83 88
25 M 8.1 9.0 17.0 2 2 0 40 51 86 106 63 79
26 M 11.5 12.5 20.6 I I I 53 49 110 119 82 84
Compensatory renal growth after pvelonephrilis 761
Contralateral
First
exam
kidney
Last
followup
Scarred kidney
First Last
exam followup
Parenchymal area 1 12 0 I
Parenchymal thickness 0 8 1 1
Renal length 0 6 1 0
No. of patients found
within one renal
dimension > +2 SD of normal I 17 1 2
Relation between scarring and compensatory growth. The
mean total renal area for each patient was calculated as half the
sum of the areas of the contralateral and the scarred kidney. In
most cases the growth of the contralateral kidney, judged from
its parenchymal area, appeared to compensate well for the loss
of parenchyma in the scarred one, as shown in Figure 2. The
relation between scarring, growth arrest, and compensatory
growth is shown in Figure 3. During 5 to 10 years after the index
UTI, there was a negative trend of the area of the scarred
kidneys. After about 10 years, this trend was broken, and a
catchup toward the reference values was found. The contralat-
eral renal area was increasing during the entire period, and the
predicted mean total renal area 15 years after the index UT! was
98% of expected normal (Fig. 3). To illustrate the effect of
puberty on growth of the scarred kidney, we made estimations
assuming piecewise linear regression functions. All urographic
followup examinations were evaluated. The linearity is by
assumption fulfilled within the age interval II to 13 years and
outside that interval (see Methods). When the predicted paren-
chymal area was related to age in the 16 girls, a relative increase
of the area of the scarred kidneys was observed between 11 and
12 years of age. A decrease of the contralateral renal area was
found about 2 years later (Fig. 4). Therefore, the predicted
mean total parenchymal area for the age of 16 years was 99%.
Mean total parenchymal area for all 26 children was 93% at the
initial investigation, 91% at the second urography, and 97% at
the latest followup. Mean total area for the patients with a
scarred duplex kidney was 102% at the latest followup whereas
it was 95% for the remaining patients. The mean total parenchy-
mal area at the latest followup was independent of sex, whether
the index UTI occurred before or after the age of 3 years, or
whether the number of attacks of acute pyelonephritis was
more or less than two (Table 4). Despite the initially normal
appearance of the contralateral kidneys, at the last followup
assessment a slight loss of renal substance without calyceal
abnormalities was found in five contralateral kidneys (patients
6, 15, 17, 22, 25). In patient no. 22 such reduction was present
already at the initial radiologic investigation. The mean total
area on the latest followup for these five pairs of kidneys was
79% in contrast to 101% for the remaining 21 pairs of kidneys.
This difference is statistically significant.
Vesicoureteric reflux. At the first radiologic examination 6
girls and 2 boys had VUR of grade 1 or 2 on the contralateral
kidney (Table I). The mean total parenchymal area at the last
followup urography was 96%. Mean total parenchymal area in
Age, years
Fig. 1. Renal area of patient 9 in relationship to age. This girl had her
first UTI at age 23 months (arrow). Open circle (0) refers to scsrred
kidney; X refers to contralateral kidney. The Roman numbers and 0
indicate grade of reflux. Renal area is expressed as percent of nornial in
the upper panel and in squared centimeters in the lower panel. Note that
the absolute area of the scarred kidney remained unchanged for ten
years and relatively decreased in size during the same period, from 75 to
40% of normal. After 11 years of age, there was a rapid spurt at puberty.
Renal dimensions SD from normal
Parenchymal area + 1.6
Length +1.8
Upper polar parenchymal thickness +0.3
Lower polar parenchymal thickness +0.3
Lateral parenchymal thickness +0.4
the remaining nonrefluxing 18 patients was 97%. Patients (9, 10,
and 25) had persisting vesicoureteric refiux of grade 2 or 3 on
the contralateral side. Their total mean parenchymal area was
94% of normal (Table 1). Although the number is too small to
permit a firm conclusion about the effect of reflux on compensa-
tory growth, Figure 1 suggests that even a grade 3 reflux is quite
compatible with considerable hypertrophy.
Discussion
The children included in the present series were part of an
epidemiologic study and represented 72% of the children who
Table 2. Number of patients with unilateral scarring whose renal
dimensions (area, thickness or length) > +2 sD
*
Number of patients with unilateral scarring was 26.
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Table 3. Mean values for various dimensions of the contralateral
kidney in latest followup of 26 patients with unilateral renal scarring
762 Claësson Ct (ii
zu
-n - - , -
20----- -
E
0
0
L ge
1 2 3 4 5 6 7 8 9 10 11 12 1 L1-3cm
Fig. 2. Parenchvrnal area qithe S(al;ed and (ontra/ateral kidneys. Individual values for kidneys are shown for A initial examination and B the
latest examination. C—D Mean areas are shown for each pair of scarred and contralateral kidneys at C initial examination and at D latest
examination. Open circles (0) denote scarred kidney: x. contralateral kidney.
. . . . Scarred + contralateral kidney2
10
Interval since first urographic examination, years
Fig. 3. Renal parenchymal area in percent ofnormal in the 26 children
with unilateral scarring. The areas of the scarred and the contralateral
kidneys and the mean total area are given as function of time after the
first investigation.
Fig. 4. Renal parenchymal area in percent qfnormal in the 16 girls with
unilateral scarring. The areas of the scarred and the contralateral
kidneys and the mean total renal area are given as function of age. The
total number of attacks of pyelonephritis for each year of age are
superimposed upon the development of the renal area. No girl had more
than 4 UTI's; 2 girls had 4 attacks during one year. in most children the
number of attacks of pyelonephritis varied between 0 and 2 per year.
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developed renal scarring [71. in the followup examination the
mean GFR ofthese patients was normal [16j. This corresponds
with our present finding that loss of renal substance in one
kidney is well compensated by hypertrophy of the other. This
agrees well with the observation that in children with renal
scarring the parenchymal area of the kidney is closely correlat-
ed to the GFR [17, 18].
There are no previous studies of the ''balance' ' between the
growth in the contralateral kidney in children followed prospec-
tively from their first recognized UTI. The loss of renal tissue
caused by unilateral scarring was well compensated for in these
children, who had received early medical treatment and contin-
ued supervision thereafter. In addition to the loss of parenchy-
development of scarring in one kidney and compensatory ma in the scarred kidney there often was a markedly retarded or
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Table 4. Mean parenchymal area of both kidneys in percent of normal at latest follossup related to various clinical factors
No. of patients
Mean total parenchymal area
No. of febrile
recurrences
even inhibited rate of growth during the 5 to 10 years following
the index infection. Subsequently, a catchup growth, coinciding
with puberty, often was found. Thus, even in patients with long-
lasting impairment of renal growth, there may later be a
considerable increase in the size of the scarred kidney. The
catchup growth of the scarred kidney was balanced by retarda-
tion of growth of the contralateral kidney, indicating a sensitive
interaction between the two organs, as shown in Figures 3 and
4. This is in agreement with the findings of Wilton et al [61 who
found that only a small loss of parenchyma in one kidney was
needed to stimulate hypertrophy in the other. The parenchymal
area of duplex kidneys is usually large. But the measurements
are based on non-duplex reference material, which might, at
least in part, explain why the scarred duplex kidneys were
larger than the others were.
It seems important to follow not only the size and shape of
the damaged kidney but the development of the two kidneys
jointly. The study also emphasiLes the importance of a followup
of long duration to detect the late catchup growth of the scarred
kidneys. With a short followup, false conclusions about the
outcome of kidney development may easily be drawn.
The criteria for inclusion in this study were unilateral renal
scarring with reduction of the parenchyma and corresponding
clubbing of the calyces. But, an involvement of the contralater-
al kidney, manifested only by the development of a subtle
parenchymal reduction without indentation of the renal con-
tour, did not exclude a patient from the series. In some cases
the "unscarred" kidney thus might have been infected with
resulting inhibition or retardation of growth in all or part of the
kidney as a result. Measurement of parenchymal thickness [111
disclosed local reduction in five contralateral kidneys, all of
which had normal calyces. The compensatory response was
also significantly smaller in these five children, and they were
among the patients with the smallest total renal area in the
series. Hodson [191 claims that if the size of the contralateral
kidney in unilateral renal disease remains within normal limits,
it cannot be regarded as normal. This statement is corroborated
by our findings.
The long-lasting impairment of growth of the scarred kidneys
might reflect a depressive influence offebrile infections on renal
growth, whether associated with reflux or not (Fig. 4). The
number of attacks of acute pyelonephritis did not, however,
influence the mean total renal area at the latest followup. This
finding is in contrast to those reported by Wilton et al [61, who
reported that recurrences were more common in patients with-
out hypertrophy than they were in those with a compensatory
growth of the contralateral kidney. This disparity might be
explained by the prompt treatment of most recurrences, in the
present series often within 24 hours, whereas in Wilton's series
of patients (usually referred from other hospitals) they had no or
little control over the course of the disease, especially during its
early phase. It has also been demonstrated that minor paren-
chymal damage may be overlooked if assessment of the paren-
chymal thickness is not included in the evaluation of the
kidneys [l0j. Wilton et al found that the compensatory hyper-
trophy was restricted in kidneys with a grade 3 reflux. As only
three of our patients in the latest followup had persisting reflux
in the contralateral kidney, our material is too small for any
general conclusions on the influence of VUR on compensatory
growth in unilateral renal scarring. But, the only patient (patient
9, Fig. 1) with a persisting contralateral grade 3 reflux compen-
sated to a mean total area of 89% at the last urography. The
mean total parenchymal area at the last followup of the patients
initially found with a refluxing ureter on the contralateral side
was the same as the mean total area in the patients without such
reflux. This suggests that reflux may be of little significance if
recurrent infections are treated promptly.
At the initial examination, the difference between the paren-
chymal area of the scarred kidney and that of the contralateral
was significant among boys but not among girls. Because acute
pyelonephritis in boys has its peak incidence during the first
year of life [71 and the boys in this study had a mean age of 4.1
years at the index UTI, it seems reasonable to assume that in
most of the boys the 'index UT!" had been preceded by
earlier, undetected infections.
Most of the kidneys (65%) with compensatory growth of
more than 2 SD above the mean were detected by measurement
of renal area, indicating that the compensatory growth was
generalized rather than localized. Also, the local parenchymal
dimensions showed an even distribution of increased parenchy-
mal thickness. In children with unilateral renal damage, it is
often difficult to evaluate the extent of the damage. A urograph-
ic examination including evaluation of the total parenchymal
area may be valuable in such cases.
Because bilateral scarring occurred infrequently and unilater-
al tissue loss was well compensated for by contralateral hyper-
trophy, acute febrile pyelonephritis in childhood seems rarely
to impair the total GFR, provided that pyelonephritic attacks
are diagnosed and treated early and long-term supervision is
provided. But the importance of scarring for the development of
arterial hypertension as well as the relation between scarring
and complications during pregnancy needs to be further evalu-
ated. The supervision of the patients observed in this study is
therefore being continued.
Summary, Compensatory renal growth was estimated from
repeated urograms over 8 to 15 years in 26 children with urinary
tract infection and unilateral renal scarring. These children
were derived from an unselected series of 596 patients followed
from their first symptomatic urinary tract infection. Renal size
was assessed from the renal area, length, and parenchymal
Females Males
Age at onset
<3yrs >3yrs
16 10 16 10
97 96 97 95
13
93
>2
'3
100
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thickness. The renal area proved to be a good measure of the
compensatory growth of the unscarred kidney as well as of the
loss of substance of the scarred kidney. In this series of
children, who had been closely supervised from the time of
their first infection, unilateral renal scarring was well compen-
sated for by hypertrophy of the contralateral kidney. Thus, the
total renal parenchymal area 8 to 15 years after the first
investigation was 98 to 99% of the expected normal area.
Interestingly, a conspicuous growth spurt was observed at
puberty in some of the scarred kidneys, sometimes a decade
after the original damage. Prognosis was not influenced by sex,
age at onset, or complications such as vesicoureteric reflux and
frequent febrile recurrences. Reflux with dilatation was com-
patible with compensatory renal growth. We conclude that
acute febrile pyelonephritis in childhood carries a good progno-
sis with regard to preservation of renal parenchyma and level of
GFR, if diagnosis and treatment are prompt and long-term
supervision is provided.
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